Introduction
In 2009, injection drug users (IDUs) accounted for 9% of the 48,100 new HIV infections in the U.S. (Prejean et al., 2011) . In 2007, 15% of the 43,000 new Hepatitis B Virus infections and 44% of the 17,000 new Hepatitis C Virus infections in the U.S. were among persons who reported drug injection as a risk factor (Daniels et al., 2009) . Many IDUs contract these viral infections through the sharing of contaminated syringes. Furthermore, although uncommon, the possibility of viral transmission to non-IDUs through accidental needle-sticks exists from unsafely disposed contaminated syringes in community settings (Alter, 1994; Hanrahan and Reutter, 1997; Jayanth et al., 2009) . In response to these viral epidemics, needle and syringe programs (NSPs) have been implemented in many countries including the U.S. (Mathers et al., 2010) . These programs allow IDUs to dispose of contaminated syringes and receive sterile syringes, with the goal of reducing the likelihood of IDUs' sharing used syringes and community members being exposed to unsafely disposed contaminated syringes. Many studies have shown that NSPs help to reduce both the sharing of syringes and HIV infection among IDUs (Watters et al., 1994; Neaigus et al., 2008; Woodak and Cooney, 2006) .
The first NSPs in the U.S. opened in the late 1980s in Boston, MA, and Tacoma, WA, followed shortly by a program in San Francisco, CA, which opened in November of 1988 (Hagan et al., 1991) . The North American Syringe Exchange Network estimates that there are currently almost 200 NSPs operating in the U.S. (Guardino et al., 2010) . In December of 2009, U.S. President Barack Obama signed a bill authorizing the use of federal dollars for NSPs. This signing marked the end of a 21-year long Congressional ban on NSPs instituted at the height of the AIDS epidemic (Kerlikowske and Crowley, 2010) . One of the claims of NSP opponents had been that NSPs might increase, rather than decrease, the number of unsafely disposed contaminated syringes in neighborhoods, thereby exposing unsuspecting community members, including children, to viral infections through accidental needle-stick injuries (Golub et al., 2005; Lewis et al., 2002; Springer et al., 1999) .
There are relatively few studies of syringe disposal among IDUs, especially as it pertains to NSPs (Coffin et al., 2007; Doherty et al., 1997 Doherty et al., , 2000 Guydish et al., 1991; Khoshnood et al., 2000) . Bluthenthal et al. (2007) found that among 24 NSPs in California in 2003, IDUs reported no increased unsafe disposal in areas where NSPs were providing more syringe coverage. In 2008, members of our study team conducted a study in which we counted syringes on the streets and interviewed IDUs about disposal practices in San Francisco, which has four NSPs (Wenger et al., 2011) . One important and unanswered question is whether disposal practices are different in cities with and without NSPs. No studies of which we are aware have compared the prevalence of unsafely disposed syringes in a city with NSPs to a city without NSPs. Furthermore, there have been very few studies that have empirically assessed the prevalence of unsafely discarded syringes (Wenger et al., 2011; Nyiri et al., 2004; de Montigny et al., 2010; Riley et al., 1998) . Within this context, we compared syringe disposal practices in a U.S. city with NSPs (San Francisco) to a U.S. city without NSPs (Miami) by examining (1) the prevalence of improperly discarded syringes in public places and (2) the self-reported syringe disposal practices among IDUs in the two cities.
Methods

Two study cities
In order to compare syringe disposal practices among IDUs in San Francisco and Miami, we conducted visual inspection walkthroughs and interviewed IDUs in each city. This study was first conducted in San Francisco in 2008, the methods and results of which have been previously published (Wenger et al., 2011 (Friedman et al., 2004) . San Francisco has a population of approximately 798,000 and the City of Miami has approximately 350,000 residents (U.S. Census Bureau, 2008) . HIV prevalence estimates among IDUs are 11.7% in San Francisco and 22.8% in Miami (Tempalski et al., 2009 ). Furthermore, while there are four NSPs that provide an estimated 2.4 million sterile syringes annually in San Francisco, NSPs are expressly forbidden by law in Miami (Huriaux, 2010; The Florida Statutes, 2011) . Two NSPs in San Francisco utilize a syringe access model called "one-for-one plus" and two NSPs utilize a "distribution" syringe access model. The policy of "one-for-one plus" NSPs is to give clients a few more syringes than were disposed, whereas "distribution" NSPs give clients the number of syringes they request, regardless of number of syringes that were disposed (Kral et al., 2004 ). California's Disease Prevention Demonstration Project, enacted in 2005, authorizes pharmacies to provide up to 10 syringes to adults without a prescription (California Senate Bill 1159 . In Miami, the Florida Statutes forbid the transfer of a syringe to a person known to inject illegal drugs (The Florida Statutes, 2011) . There are no coordinated efforts in San Francisco or Miami for syringe cleanup in drug-affected areas. Current street sweeping and litter removal policies are similar in both cities (San Francisco Department of Public Works, 2011a,b; City of Miami Solid Waste Department, 2011a,b).
Visual inspection walkthroughs
We chose to conduct visual inspection walkthroughs in a quarter of neighborhoods in each city, representing those with the highest concentration of drug use. To assess which neighborhoods represented the top quartile of drug-affected areas, we used data furnished by each city to map arrests and drug treatment admissions by neighborhood using ArcGIS Software (version 9.3; Redlands, CA). In San Francisco, we selected 11 of 44 neighborhoods totaling 2114 census blocks. In Miami, we selected 59 of 258 neighborhoods totaling 1769 census blocks. (The Florida Department of Children and Families only releases drug treatment data by zip code. Miami drug-affected neighborhoods were determined by Miami Police Department narcotics-related arrest data.) We then used SPSS (version 17.0; Chicago, IL) to select a random sample of 1000 census blocks for inspection in San Francisco and 885 census blocks for inspection in Miami. A census block is an area of land bounded on all sides by streets or other visible features such as a highway, railroad track or water. In San Francisco, only one side of each census block was randomly selected for inspection. In Miami, all four sides of each census block were inspected. To mathematically adjust for having inspected all four sides of the census block in Miami and only one side in San Francisco, we simply multiplied the number of found syringes in San Francisco by four. The random selection of census block sides in San Francisco included both long and short census block sides.
Each census block was visually inspected once for discarded syringes. All publicly accessible areas including sidewalks, gutters, grassy areas, alleys and parking lots were inspected. All inspection was visual and the environment was not altered. For each syringe encountered, the location was immediately recorded on a handheld device. With ArcGIS, the intersection closest to each found syringe was geocoded in both cities. This component of the study was exempt from human subjects research.
Quantitative survey of IDUs
To examine syringe disposal practices among IDUs, we conducted quantitative interviews with IDUs in the two study cities (N = 602 in San Francisco in 2008 and N = 448 in Miami in 2009). IDUs in both cities were recruited from neighborhoods known to have high levels of injection drug use using targeted sampling (TS) in San Francisco and respondent-driven sampling (RDS) in Miami (Bluthenthal and Watters, 1995; Watters and Biernacki, 1989; Magnani et al., 2005) . RDS and TS have been shown to yield samples similar in demographics (age, race, sex, and drug of choice) and similar to Census and HIV surveillance data across multiple cities (Kral et al., 2010; Robinson et al., 2006) . IDUs in San Francisco were not recruited from NSPs, though many IDUs reported having used an NSP. Eligibility criteria for participation in the quantitative interviews were (1) recent injection of illicit drugs as verified by checking for signs of recent venipuncture or assessing knowledge of injection practices; (2) age 18 years or older; and (3) ability to provide informed consent. Trained interviewers conducted computer-assisted personal interviewing in confidential settings. The survey questionnaire included items on demographic characteristics as well as syringe disposal practices. This component of the study was approved by the Institutional Review Boards at RTI International, the University of Miami, and the Florida Department of Health.
Measures
We assessed syringe disposal practices of IDUs in two ways. First we asked participants "In the last 30 days, have you gotten rid of or disposed of used syringes. . . (a) in a public place (alleys; parks; bushes; bridges; canals; railroad tracks; parking lot; street, public trash); (b) by selling them or giving them away; (c) by putting them in the trash at home or another person's home or hotel room; (d) at a needle exchange program; (e) at a hospital clinic; (f) at a pharmacy; (g) using a sharps container; (h) at some other place (specify)." The interviewers gave no instructions so the responses may not have been mutually exclusive. For each affirmative answer, we asked the follow-up question "in the last 30 days, how many syringes did you dispose of using each of the methods "a" through "h." The responses to these questions indicating the number of syringes disposed by an individual were summed by each method for all participants. We defined improper disposal as any disposal of syringes in a public place, by selling them or giving them away, by putting them in the trash at home or another person's home or hotel room, in the sewer, or by flushing. We defined safe disposal as syringe disposal at an NSP, hospital, clinic or pharmacy, and using a sharps container or public disposal box. We ascertained the proportion of improperly disposed syringes by dividing the number of syringes disposed of improperly by the total number of disposed syringes.
2.5. Statistical analyses 2.5.1. Visual inspection walkthroughs. The number of syringes was normalized to syringe density and syringe prevalence to facilitate comparison between the two cities. We defined syringe prevalence as the number of syringes per 1000 population living in inspected census blocks. We defined syringe density as the number of syringes per 1000 census blocks in the sample.
2.5.2. Quantitative survey of IDUs. The demographic differences and difference in the percentages of participants disposing in a particular location were tested for site differences using a Chi-squared test. In order to determine site differences in the rate of public disposal, a multivariable logistic regression model was developed; independent variables included site and demographic variables. The adjusted odds ratios (AOR), 95% confidence intervals (CI) and p-value for the site differences and each demographic group were calculated using SAS release 9.13 Service Pack 4 (SAS Institute Inc., Cary, NC).
Results
Prevalence of improperly discarded syringes from visual inspection walkthroughs
The locations of improperly discarded syringes in San Francisco and Miami are presented in Fig. 1A and B. We found 11 syringes in our inspections in San Francisco and 328 in our inspections in Miami. The number of syringes found in San Francisco was multiplied by 4 to extrapolate to the entire census block and facilitate comparison between the 2 cities. In San Francisco, the syringe density was 44/1000 census blocks and the syringe prevalence was 0.3/1000 people in the census blocks inspected. In contrast, in Miami the syringe density was 371/1000 census blocks and the syringe prevalence was 4.9/1000 people in the census blocks inspected.
Syringe disposal practices reported by IDUs in quantitative survey
Demographic characteristics are presented in Table 1 . The majority of respondents in San Francisco and Miami were male and over 40 years of age. Respondents in San Francisco were less likely to be Hispanic (10% vs. 40%, p < 0.001) and more likely to be homeless (69% vs. 50%, p < 0.001) than respondents in Miami. Fifteen percent of IDUs in San Francisco and 10% of IDUs in Miami self-reported being HIV positive (p < 0.05).
Eleven percent of IDUs in San Francisco reported having disposed of syringes in the past 30 days in a public place compared to 69% of IDUs in Miami (p < 0.001) ( Table 1) . Sixty-five percent of IDUs in San Francisco reported any improper disposal in the past 30 days versus 97% of IDUs in Miami (p < 0.001). Overall, in San Francisco, 13% (8474 of 64,259) of syringes disposed by IDUs in the past 30 days were disposed of improperly (Table 2 ). In Miami, 95% (9845 of 10,379) of syringes disposed by IDUs in the past 30 days were disposed of improperly. In San Francisco, 1% (718) of syringes were disposed of in a public place, whereas in Miami 45% (4689) of syringes were disposed of in a public place. In San Francisco, 80% (53,143) of all syringes were disposed at NSPs. No syringes in Miami were disposed at an NSP. In the multivariable logistic regression analysis, after adjusting for age, gender, homelessness, and self-reported HIV seropositivity, IDUs in Miami had over 34 times (Table 3) . Those homeless had almost 5 times the adjusted odds of public disposal (AOR = 5.0, 95% CI = 3.30-7.46).
Discussion
This study is the first of which we are aware to compare the prevalence of improperly discarded syringes in a city with NSPs and a city without NSPs. We found eight times the number of syringes on walkthroughs in Miami as compared to San Francisco. Our survey of IDUs in both cities corroborated the walkthrough data, showing that IDUs in Miami are much more likely to dispose of syringes in public places than IDUs in San Francisco. The relative abundance of free syringes in San Francisco compared to Miami might suggest that IDUs in San Francisco possess and therefore dispose of more syringes over a given period of time. However, IDUs in San Francisco disposed of the majority of used syringes at NSPs. These results suggest that NSPs are a significant means of collecting used syringes and do not increase the amount of publically discarded used syringes. Coupled with results from prior studies showing that NSPs help reduce the risk of viral transmission among IDUs, this study suggests that NSPs may also help reduce the risk of transmission to community members at large.
The survey of IDUs in both cities showed that in Miami, IDUs have few alternatives for disposal other than in public areas or the trash-these methods accounted for 83.8% of disposed syringes in the quantitative survey. Any syringe thrown in the trash is both a public health risk to sanitation workers and the general public. Importantly, there were locations in which syringes had accumulated in large quantities in Miami. There were four locations in which there were greater than 10 syringes encountered. Proper disposal venues such as NSPs are needed along with education and social marketing of those venues to IDUs in Miami.
This study has several limitations. First, both the walkthroughs and the survey were conducted in two U.S cities in two different years. While we control for key demographic characteristics, we may not have captured all important variation. Since both cities have similar street cleaning and litter removal policies and walkthroughs were conducted at random times, it is unlikely there was systematic under-or over-estimation of the syringe density as a result of cleanup. Secondly, visual inspection was not conducted of all blocks in these two cities, but rather a random sample of the areas of the cities that were likely most affected. Thirdly, the quantitative survey relied on self-reported data by study participants which has the potential of being biased by recall and social desirability. However, there is no reason to believe that this bias was differential in these two cities. Fourthly, while our survey field sites were located in neighborhoods with high numbers of IDUs in both cities, we cannot infer that the results generalize to other areas of the cities where syringe disposal behaviors may differ. Finally, while we utilized different sampling techniques, targeted sampling and respondent driven sampling, these two recruitment strategies are the most widely utilized methods for reaching communitybased IDUs and have been shown to yield similar distribution of demographic and risk characteristics in four major U.S. cities including one of the study cities, San Francisco (Kral et al., 2010; Robinson et al., 2006) . To address limitations of the individual study designs, we used a triangulation approach with a quantitative survey to corroborate the visual inspections.
Despite these limitations, this study provides important comparative data that demonstrates the potential value of NSPs in terms of providing a venue for safe syringe disposal. These findings add to the vast literature that shows the benefits of NSPs (Shalala, 1997) and demonstrate that cities such as Miami may benefit from implementation of NSPs to reduce the transmission of blood-borne diseases to IDUs and other community members.
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